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Tuesday , March 8, 2011 343asite is reprotonated from Asp96 (1). A transient water chain between asp 96
and the central binding site evolves on the milli-second time-scaleand the
proton is transferred from asp 96 to the central binding site and the
pump is reset (4). In summary, the emerging paradigm invokes the princi-
ple that protein bound water molecules are as functional as amino acids
residues (2).
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Progress Towards the Molecular Mechanism of Complex I
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Complex I (NADH:ubiquinone oxidoreductase) is crucial to respiration in
many aerobic organisms. In mitochondria it oxidises NADH (regenerating
NADþ for the tricarboxylic acid cycle and fatty-acid oxidation), reduces ubi-
quinone (the electrons are then used to reduce oxygen to water), and trans-
ports protons across the mitochondrial inner membrane (contributing to the
proton motive force that supports ATP synthesis and transport processes).
Complex I is also a major contributor to cellular reactive oxygen species pro-
duction.
The mechanism of complex I comprises four ‘sequential’ steps. NADH oxida-
tion by the flavin mononucleotide, and intramolecular electron transfer from
the flavin to bound quinone (along a chain of iron-sulphur clusters), are in-
creasingly well understood. Conversely, the mechanisms of quinone reduction
and proton translocation remain poorly defined, although recent structural
analyses of the membrane domain of complex I (R. G. Efremov, R. Baradaran
& L. A. Sazanov (2010) Nature 465, 441-7) have revealed intriguing features,
including a lateral helix running in the plane of the membrane, and an ele-
vated position for the proposed quinone binding site, above the membrane
plane. This talk will present and discuss current strategies and recent data
to address the mechanisms of quinone reduction and proton translocation by
complex I.1863-Symp
Structural Basis and Mechanism of Proton Translocation in Complex I
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Proton pumping respiratory complexes drive the energy conversion in cellular
respiration by coupling electron and proton transfer via defined mechanisms. In
complex I and complex III, bypass reactions result in production of reactive ox-
ygen species (ROS) which are implicated in diseases and physiological pro-
cesses of aging. Structure and Q cycle mechanism of complex III are in
general well described [1]. Yet, several key features of the mechanism, such
as the oxidation of ubiquinol, pathways for proton uptake and release and
ROS production are still in question and will be discussed. Elucidation of struc-
ture and mechanism of complex I is only at its beginning. X-ray crystallo-
graphic analysis of the largest and most complicated respiratory membrane
protein complex revealed the structural basis for a new mechanism of proton
pumping by conformational coupling [2]. Data of the structural analysis will
be presented.
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In my talk I will describe how simple physical processes contribute to the
function of cytochrome c oxidase, the enzyme that powers aerobic life. Ox-
idase is responsible for the conversion of chemical energy from food into
the electrochemical gradient that drives the synthesis of ATP. As thebiological ‘‘fuel cell,’’ it reduces oxygen to water and uses the released en-
ergy to pump protons across a membrane. With the help of theory and
simulation, we could show how the chemical energy of oxygen reduction
is harnessed to move protons against an electrochemical gradient without
violation of the second law of thermodynamics, and how the unique dy-
namic and thermodynamic properties of water at the nanoscale are ex-
ploited.Platform AG: Cardiac Muscle I
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To investigate the regulatory interaction between cardiac sarco/endoplasmic
reticulum calcium ATPase (SERCA2a) and phospholamban (PLB), we ex-
pressed Cerulean-SERCA2a and YFP-PLB in adult rabbit cardiac muscle
cells using adenovirus vectors. Confocal microscopy showed a fluorescence
pattern of striations and longitudinal streaks indicating SERCA and PLB
were correctly localized
in the sarcoplasmic reticu-
lum (SR). Bright perinu-
clear fluorescence was
also observed. Fluores-
cence recovery after pho-
tobleaching (FRAP)
experiments showed that
SERCA and PLB were
mobile over multiple sar-
comeres on a timescale
of tens of seconds. The concentration dependence of SERCA-PLB fluores-
cence resonance energy transfer (FRET) showed maximum FRET (FRET-
max) was 30%, and also yielded the apparent dissociation constant (Kd).
Addition of thapsigargin increased the apparent Kd, suggesting a reduced af-
finity of PLB for the pump in the presence of the inhibitor. Pacing of my-
ocytes did not result in large changes in SERCA-PLB FRET, suggesting
that the regulatory complex is not disrupted by beat-to-beat elevations of cy-
tosolic calcium. The data are compatible with parallel experiments in heter-
ologous cells indicating that the PLB-SERCA interaction is reduced, but not
abolished by thapsigargin and calcium.1866-Plat
Phosphorylation and Mutation Induce an Order-To-Disorder Transition
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Phospholamban physically interacts with the sarcoplasmic reticulum cal-
cium pump (SERCA) and regulates contractility of the heart in response
to adrenergic stimuli. We have studied this interaction using electron mi-
croscopy of two-dimensional crystals of SERCA in complex with phospho-
lamban. In previous studies, phospholamban oligomers were found
interspersed between SERCA dimer ribbons and a three-dimensional model
was constructed to show interactions with SERCA. In the present study, we
have examined the effects of phosphorylation and mutation of phospholam-
ban on the interaction with SERCA in the two-dimensional crystals. Based
on projection maps from negatively-stained and frozen-hydrated crystals,
phosphorylation of Ser16 selectively disordered the cytoplasmic domain
of wild-type phospholamban. This was not the case for a pentameric
gain-of-function mutant (Lys27-to-Ala), which retained inhibitory activity
and remained ordered in the phosphorylated state. A partial loss-of-function
mutation that altered the charge state of phospholamban (Arg14-to-Ala) re-
tained an ordered state, while a complete loss-of-function mutation (Asn34-
to-Ala) was disordered. The functional state of phospholamban correlated
with an order-to-disorder transition of phospholamban’s cytoplasmic domain
in the two-dimensional co-crystals. Furthermore, the residues studied
